Familial adenomatous polyposis is an autosomal dominant disease characterised by the development of hundreds of colorectal adenomas in young adults. Occult radioopaque jaw lesions and pigmented ocular fundus lesions (formerly called congenital hypertrophy of the retinal pigment epithelium) are extraintestinal phenotypic markers for this disorder. We evaluated the usefulness of the combination of these markers for identifying patients who have inherited familial adenomatous polyposis. Forty three affected patients and 12 unaffected first degree relatives from 24 families with familial adenomatous polyposis, including four families without extraintestinal manifestations, were examined for both phenotypic markers. Thirty three of the 43 patients (77%) with familial adenomatous polyposis were positive for both markers, including patients from two families without extraintestinal manifestations. By contrast, only one of 12 (8%) unaffected first degree relatives over 35 years of age had both markers. The sensitivity of the combination of these markers in identifying patients who inherited familial adenomatous polyposis was 77%, the specificity 92%, the predictive value of a positive test 97%, the predictive value of a negative test 52%, and the efficacy 80%. The combined markers had improved efficacy over either marker alone (70% for occult radio-opaque jaw lesions and 67% for pigmented ocular fundus lesions). We conclude that the presence of both occult radio-opaque jaw lesions and pigmented ocular fundus lesions in a person at risk indicates a high probability of inheritance and expression of familial adenomatous polyposis.
Abstract
Familial adenomatous polyposis is an autosomal dominant disease characterised by the development of hundreds of colorectal adenomas in young adults. Occult radioopaque jaw lesions and pigmented ocular fundus lesions (formerly called congenital hypertrophy of the retinal pigment epithelium) are extraintestinal phenotypic markers for this disorder. We evaluated the usefulness of the combination of these markers for identifying patients who have inherited familial adenomatous polyposis. Forty three affected patients and 12 unaffected first degree relatives from 24 families with familial adenomatous polyposis, including four families without extraintestinal manifestations, were examined for both phenotypic markers. Thirty three of the 43 patients (77%) with familial adenomatous polyposis were positive for both markers, including patients from two families without extraintestinal manifestations. By contrast, only one of 12 (8%) unaffected first degree relatives over 35 years of age had both markers. The sensitivity of the combination of these markers in identifying patients who inherited familial adenomatous polyposis was 77%, the specificity 92%, the predictive value of a positive test 97%, the predictive value of a negative test 52%, and the efficacy 80%. The combined markers had improved efficacy over either marker alone (70% for occult radio-opaque jaw lesions and 67% for pigmented ocular fundus lesions). We conclude that the presence of both occult radio-opaque jaw lesions and pigmented ocular fundus lesions in a person at risk indicates a high probability of inheritance and expression of familial adenomatous polyposis. Familial 6 The simultaneous occurrence of both occult radioopaque jaw lesions and one patch of pigmented ocular fundus lesions in a normal subject should be rare, the probability being the product of the two frequencies (conservatively estimated at less than 1 in 200 normal subjects. As a consequence the combination of the two types of lesions may be more useful in identifying subjects who have inherited adenomatous polyposis than either marker alone.
The purpose ofthis study was to determine the diagnostic usefulness of a combination of occult radio-opaque jaw lesions and at least one pig- Table I. DENTAL PROCEDURES Panoramic dental radiographs were coded and evaluated for number, size, and location of jaw lesions by two dentists (JCG and LSL) on separate occasions. There was complete agreement in interpretation. A jaw lesion was defined as a clinically occult radiodensity in the mandible or maxilla, including any well circumscribed area of bone sclerosis or odontoma,' as shown in Figure 1 . Normal anatomic landmarks such as the genial tubercles in the anterior mandible were not included as occult radio-opaque jaw lesions. The subject was considered positive for this marker if one or more jaw lesions were present.
OPHTHALMOLOGICAL PROCEDURES
A corrected visual-acuity assessment, a slit lamp examination, and indirect ophthalmoscopy were performed in all subjects by one of two ophthalmologists (EIT and IHM). The examiner was unaware of the clinical diagnosis of the patients. The fundus was evaluated for the presence of pigmented ocular fundus lesions, as shown in Figure 2 and defined previously.6 The appearance was recorded using fundus drawings, and photographs were obtained when possible. For the present study a subject was considered positive for the ocular marker if examination of both retinas showed one or more lesions. This criterion is modified from our previous studies in which subjects were considered positive for the pigmented ocular fundus lesions if four or more lesions were noted on fundoscopic examination of both eyes.6 Ophthalmoscopy may not detect all ocular lesions in familial adenomatous polyposis patients. In a recent histopathological study by Traboulsi families due to lack of polymorphisms for probes. In addition, approximately one third of polyposis cases represent spontaneous mutations without affected parents or siblings.
Our study focused on the phenotypic alterations seen in familial adenomatous polyposis. The presence of phenotypic markers implies that the genetic abnormality is being expressed. The importance of the disparities between phenotypic and genotypic markers is emphasised by two lines of evidence. Firstly, adenomatous polyposis with extraintestinal manifestations (Gardner syndrome) and without extraintestinal manifestations (familial polyposis) are both linked to the same chromosome 5q21-22 locus. Secondly, a recent report noted a wide variety of phenotypic expression in one family in patients inheriting genetic markers for familial adenomatous polyposis,20 including even striking variation in the numbers of colorectal adenomas, which are the hallmark of this disease. The combined phenotypic markers currently have an advantage over genetic analysis because the markers are simple to evaluate, readily available, and require the cooperation of only the patient under investigation.
Several authors have now reported the value of occult radio-opaque jaw lesions or pigmented ocular fundus lesions as phenotypic markers in familial adenomatous polyposis.3 21 These clinical markers enable the physician to tailor endoscopic screening programmes and predict the development of disease. Patients who inherit polyposis typically have colorectal polyposis in adolescence or early adulthood, and affected young children who later develop colorectal polyposis are initially free of polyps. Although prophylactic colectomy is the current treatment, identification of affected subjects before polyps appear may assume increasing importance if chemopreventive medical regimens become available. For example, the non-steroidal antiinflammatory drug sulindac has been reported anecdotally to reduce the number of or even eliminate colorectal polyps in familial adenomatous polyposis patients.22 These and other drugs have potential for use as chemopreventive agents. Moreover, clinical recognition of these phenotypic markers raises the suspicion of polyposis in patients without a positive family history who are new genetic mutations for this disorder. Also, knowledge that the patient has polyposis contributes to the appropriate management of offspring. A major advantage of the ocular and jaw lesions is that both are detectable in early life by non-invasive methods and they occur in a high percentage of subjects who are affected by familial adenomatous polyposis.
One disadvantage of these lesions as markers of familial adenomatous polyposis is that they can be seen occasionally in normal subjects. For example, Traboulsi et a16 found that two of 42 control subjects had bilateral pigmented ocular fundus lesions and one third of control subjects had at least one lesion. On the other hand, we expected the simultaneous occurrence of both markers in an unaffected subject to be unusual. The predictive value of positive combined phenotypic markers when both ocular and jaw lesions were present was 97%.
Interestingly, the one patient at risk who had positive combined markers without colorectal polyposis at age 41 also had other extraintestinal features of familial adenomatous polyposis including skin cysts and osteomas at the angle of the jaw. We intend to follow this patient up and it will be interesting to see if she ultimately develops colorectal polyposis.
Our study showed that the absence of both markers does not indicate that familial adenomatous polyposis will not be inherited. In 17 of 20 families with affected members examined for both markers at least one affected subject was positive for both markers. In one family, however, with extraintestinal manifestations we examined three affected patients, none of whom was positive for either ocular or jaw lesions. Thus there is heterogeneity of these extraintestinal lesions in familial adenomatous polyposis, as has been described previously.
From the results of our studies, we recommend the following stepwise application of single and combined phenotypic markers to identify patients with familial adenomatous polyposis in the absence of colorectal polyposis: indirect ophthalmoscopic examinations should be done first. Patients with four or more pigmented ocular fundus lesions should be considered to have inherited the disorder and require no additional marker studies. Patients with one to three such lesions should have jaw radiographic examinations, and those positive for occult radio-opaque jaw lesions can be considered to be affected with familial adenomatous polyposis. The absence of ocular lesions, however, cannot be used to rule out the disease.
Our study of a large number of kindreds with familial adenomatous polyposis has confirmed that the combination of occult radio-opaque jaw lesions and pigmented ocular fundus lesions is reliable for identifying affected patients. The presence of both markers in a patient at risk indicates high probability of inheritance of and expression of the genetic abnormality in familial adenomatous polyposis. Nevertheless, the decision to do a colectomy in such patients should depend on the demonstration of colorectal adenomatous polyposis. 
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